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: Background ] 
Sea ice thickness estimation by the satellite remote sensing 
Qualitatively→Quantitatively 
ロAVHRRice thickness: AVHRR + Heat flux 
-Groves and Stringer [1991]: AVHRR + Kuhn’s model 
-Drucker et al. [2003]: AVHRR + Yu and Rothrock [1996] 
ロActivemicrowave ice thickness: ERS, RADARSAT 
-Kwok and Cunningham [2002] : RGPS 
-Peacock and Laxon [2004] : altimeter 
ロPass~ve microwave iむethickness: SSM/1 
-Tateyama et al., [2002]: R37ν／85V-' R19J同合おv,PR-19 
-Martin et al., [2004 J:R37 
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[ Terpenya Polynya] 
'Terpenya Bay' polynya in 1997 
winter. 
-no iceロ10veロ1ent
-no snow cover 
[ Thick ice 
Data and Spatial Resolutio__!!_J 
ロDMSPSSM/1 
/TateyamfJ algor’lt.hrn [2-D.?.] 
／手丹羽:rfrn羽Juorlthmf.21)0.:!.] 
ーDailybrightness tempera印re(BT) from DMSP SSM/I 
For validation 
ロNORRAVHRR
〆Yuand Rothrock algorithm [1996] 
-Daily surface temp. data from NOAA A VHRR 
-Daily meteorological data from NCEP小『CARreanalysis 
ロShip-bornevideo data (for thick ice) 
口 NCEP/NCAR: 2.5 mesh →28Ql.位以280km.- ~<' : 1.1km x 80pixel→ 88lanx88km 
SSM/I: 12.5km x 6pixel→ 75lanx75km 
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ロTateyamaalgorithm is developed based on the SSM/1 data 
and in-situ ice thickness data taken by ship司bornevideo camera. 
h i出ikness Hr (m) i …g山 quai ; ¥ ＼ 
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》Sea-icesurface roughness 
R ＝空l乙37V 185V n守n
.L .._,85V 
》Temperaturegradient 
(2) 
When a new ice signal is detected (R37v;ssv <0.97), *R37v185v is 
converted to'R37v185v by following equation, ??
? ?
＼＼ 
R刊u,o~r,r = 0.3・l*R -R l+0.6・R -0.29 37V/85V ¥ 37V/85V I9Hl85V I 
町商m原蔵置「可否両lgorith~ (2004) 
ロMartinealgorithm is useful for ice production in polynyas. 
》Thisalgorithm is developed based on the ratio of H-and V-
polarized 37GHz channels. 
，，－一一w一 一．一一－一一一－一一一一←一一一一一一一一一一一一一一一一－一 ＼ ＼ （恥eic 
HM = exp11＜αR37＋β）一y’（4)
where α＝ 230.47, (3 = -243.60, r = 1.0080 , and, i 
R31 ＝穿乙 州
.L.._,37H , 
＼一一一一一 ／ 
[ Yu and Rothrock algorithm ( 1996) 1 
ロYu& Rothrock algorithm is based on surface-heat balance 
model using AVHRR thermal data. 
匝圏直圃
》In absence of melting and a snow cover, heat energy balance 
at the ice surface can be assumed that conductive heat loss at 
ice-surface through the ice is equal to the total heat flux F TL・
(6) 
(7) 
(8) 
The ice出icknessHA (m) is calculated using the following equation, 
H = K;(TF一ξ）
A ’ F T. 
where Ki= 2.034 (W/rru恨）， TF ＝ー 1.8(0C). Ti can be calculated from the 
AVHRR data given by [Key and Haefliger, 1992], 
宅＝α＋b・T兵h4+c・ (Tlえh4-TBch5) + d' ( TBch4 -TBch5 X secθー1),
Fn = FSH (r;)+ F日（r;)+Fuv (r;)+ Fsw + FDL （乙〉
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Meteorological data from 
NCEP/NCAR 
-Air temp. at 1000 hPa 
-Sea level pressure 
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〆Tateyamaalgorithm is o'vjerestimated. 
〆Mβtrinalgorithm is better/for thin sea ice. 
y=x 
。
0.25 
??
?
?? ?
??
?
????
?
?
? ???
??
??
。
﹇?
﹈ ?
??
? ?
＋ 
0.00 
0.30 0.25 0.20 
A VHRR Thickness [ m] 
0.15 0.10 0.05 0.00 
Thick Sea Ice Compa巾 on2] 
〆Matrinalgorithm is underestimated. 
v"Tateyama algorithm is better for 
thick sea ice .・
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ロUncertaintiesin the ice-thickness from AVHRR data. 
・./ Ice thickness derived from AVHRR agrees with that from 
upward looking sonar within 10% . 
./ A coarse spatial resolution of A VHRR (1.1 km). 
〆Thelargest uncertainty is in NCEP data. 
。acourse spatial resolutions of (2.5°x 2.5° ; 
280 km X 280km) 
。coversthe bay and surrounding land. 
〆Highthin cold clouds and low wa口nfogs over polynya. 
Summary ] 
Ice thickness estimation algorithms for thin sea ice in the 
Terpeniya Bay and for thick ice in Sea of Okhotsk were 
validated. 
ロTateyamaalgorithm: 
〆Avery poor relationship with A VHRR of RMSE 0.17 m 
for< 0.2 m thick ice. 
,/ A high correlation with the thick ice ofRSME 0.14m. 
ロMartinalgorithm: 
〆Efficientresult for thin ice with RMSE 0.04 m. 
〆Acoarse accuracy for thick ice with RMSE 0.47 m. 
〆Tateyamaalgorithm and Martin algorithm are suitable for 
thick ice and thin ice estimation, respectively. 
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